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REVIEW OF LITERATURE 
I. Historical Basis of Protein Research 
Early in the 1800's it was recognized by pioneer in- 
vestigators that feedstuffs containing nitrogen were essen- 
tial for the maintenance of life. As chemical techniques 
and knowledge increased during the 1800's, many of the im- 
portant discoveries that form the basis of modern investiga- 
tions were made. 
Magendie was one of the first to recognize the impor- 
tance of nitrogen compounds in nutrition and also helped 
establish techniques that have developed into the procedures 
of the feeding of supplemented and/or purified diets (Munro, 
1964). 
Mulder first used the word protein for this class of 
compounds and also recognized that animal and vegetable 
proteins were basically similar. 
/ Liebig used the concept of the metabolism of nutrients 
by the body and he first recognized that urea was a maJor 
endproduct of the metabolism of proteins in mannnals (Liebig, 
1840). 
In the latter part of the century, Voit and others 
developed the technique of nitrogen balance and applied it 
to the measurement of the sufficiency of protein intake 
(Munro, 1964). 
Until the turn of the 20th century, the accepted idea 
was that all proteins, other than gelatin,.were of similar 
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or equal value in animal nutrition. Yet the recognition that 
gelatin was inferior was the first glimpse of what was in- 
volved in protein quality, but further progress awaited ad- 
vancements by chemists. 
The first isolation of an amino acid occurred in 1810, 
yet by the end of the century only 12 amino acids had been 
isolated. The first partial quantitative analysis of pro- 
teins was done in 1900 and Willcock and Hopkins (1906) 
firmly established the link between the amino acid content 
of a protein and its nutritional value. 
Osborne and Mendel (1914) confirmed and extended this 
work into a series of classical experiments in protein 
nutrition. Osborne and Mendel found that zein, a protein 
from corn that by itself was not adequate to maintain life, 
was able to support growth in young rats when lysine and 
tryptophan were added. This work also demonstrated that at 
least some of the amino acids were indispensable as far as 
dietary intake was concerned. 
It was not until 1935, however, that the last of what 
we know as the indispensable, or essential, amino acids, 
threonine, was discovered. It was then possible for Rose, 
working at the University of Illinois, to develop diets in 
which the nitrogenous component was provided by purified 
amino acids. This advance made it possible to classify 
each amino acid according to its dietary essentiality. 
(Rose, 1938). 
Thus, the scientific bases had been laid down for the 
investigation of proteins in animal nutrition (Munro, 1964). 
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II. Corn Grain and its Role in Swine Nutrition 
Corn is the only native feed grain in the United States. 
Grown in the Americas for thousands of years, its abundant 
production served as the foundation of the great Indian 
civilizations of Central and South America. Today dent corn 
(~mays indentata), also called maize, is one of the major 
crops in the U.S. In 1978 almost 70 million acres of corn 
were harvested, producing over 7 billion bushels of grain 
(USDA, 1979). Because of the suitability of corn as a feed- 
stuff for swine, the major corn producing regions of the U.S. 
are also major swine producing regions. Therefore, it is 
important that we consider the nutritional value of corn. 
Supplemental protein in swine diets represents one of 
the major cash outlays for a swine producer who is growing 
his own grain. Corn is usually thought of as an energy source 
and its contribution of protein is often ignored. Although 
the protein content of corn is relatively low (10 - 12% CP), 
as it is often the major (50 - 80%) constituent of swine 
rations, it normally provides a large portion of the total 
protein intake. 
It has long been recognized that the proteins from grains 
often are low in quality. An important protein in corn is 
zein, and many workers have connnented on its low quality 
(Osborne and Mendel, 1914; Hart and McCailum, 1914; Hogan, 
1917; Maynard et al., 1923; Grau, 1946; Hogan et al., 1955). -- -- 
The major deficiencies in zein are its very low content of 
lysine and tryptophan. The other proteins in corn are of 
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better quality (Eggert~ al., 1953; Hogan et al., 1955). 
Thus the study of how to improve or supplement the quality 
of corn protein is of great interest to nutritionists. 
III. The Supplementation of Corn with Amino Acids in the 
Diet of Swine 
As previously mentioned, it has long been known that 
additions of lysine or lysine and tryptophan to corn based 
diets enabled animals to at least maintain bodily function. 
Most work done using corn, supplemented with amino acids, as 
the sole source of protein in practical diets for growing 
or finishing pigs has been done using lysine and tryptophan. 
Bartels~ al. (1959), using 56 kg pigs, observed 
improved performance when lysine was added to corn, but no 
further response to additions of tryptophan or methionine. 
Other work with this weight of pigs (approximately 60 kg) 
showed little or no response to additions of lysine, while 
addition of lysine plus tryptophan gave a large response 
(Pond and Jones, 1964; Gallo and Pond, 1968). 
Recent work at the University of Nebraska (Lewis~ al., 
1979) showed slight responses to lysine or tryptophan alone 
but a major response to the pair. 
Similar responses have been reported with 35 kg (Ilori 
and Conrad, 1977) and 10 - 20 kg pigs (Ctawson and Matrone, 
1963; Cromwell~ al., 1967; Baker~ al., 1969). 
The general conclusion is that lysine and tryptophan 
are colimiting for corn fed to pigs. Beyond these first 
two amino acids, however, little is known about the next 
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limiting amino acids. Lewis et .!l· (1979) used methionine 
and isoleucine in an attempt to identify the third and fourth 
limiting amino acids. Additions of these amino acids did not 
improve performance, and isoleucine actually depressed the 
response to lysine and tryptophan. In younger pigs, Clawson 
and Matrone (1963) reported the opposite reaction to the 
additions of isoleucine. 
IV. Conclusions and Objectives 
While there is presently agreement on the status of 
lysine and tryptophan being closely first and second, or 
colimiting, beyond that little is known. Which amino acids 
are the next limiting, and if they would give an important 
boost to performance is unknown. 
The stage of the pig's growth at which these factors 
are examined may also be important. Much of the work has 
been done with larger growing or finishing pigs. It may be 
more advantageous to work with pigs that weigh from 10 to 
35 kg compared to the 40 to 110 kg animal. It is at the 
lighter weight that pigs grow the fastest, relative to their 
body size, and have the highest feed efficiency. A larger 
pig has started to lay down more fat and the relative deposi- 
tion of protein has slowed. A young pig deposits protein 
rapidly, and since this is the stage of life where the 
highest dietary concentrations of protein are required and 
fed, it may be better to examine improving the protein quality 
and thus decreasing the level of total protein required. 
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Therefore, the objective of the following experiments 
was to examine the effect of supplementing amino acids beyond 
lysine and tryptophan on performance and metabolic factors, 
in an attempt to identify the third and fourth limiting amino 
acids for young pigs fed an all corn diet. 
Effects of Multiple Amino Acids 
Supplementation of an All Corn Diet 
For Growing Rats 
Nebraska Agricultural Experiment Station 
Swine Nutrition Experiment 79601 
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Summary 
An experiment was conducted to determine the effect of 
supplementing a corn-mineral-vitamin diet with various amino 
acids, or combinations of amino acids on performance and 
blood parameters of young rats. 
Ninety weanling male rats were assigned to nine treat- 
ments: 1) Corn basal, 2) Basal+ lysine, 3) Basal+ 
tryptophan, 4) Basal+ lysine+ tryptophan, 5) Basal+ lysine 
+ tryptophan + isoleucine, 6) Basal+ lysine+ tryptophan + 
threonine. 7) Basal+ lysine+ tryptophan + isoleucine + 
threonine, 8) Basal+ lysine+ tryptophan + isoleucine + 
threonine+ histidine+ methionine+ valine, 9) Corn-soybean 
meal (18% crude protein). Average daily gain (ADG), average 
daily feed intake (ADFI), feed/grain (F/G) and serum urea 
(SU) were the parameters measured. 
Significant differences were observed for all the para- 
meters. Additions of lysine and tryptophan to the diet im- 
proved the response of all parameters over the basal response, 
while additions of either one singly did not. Threonine 
additions to the corn-lysine-tryptophan diet improved ADG, 
ADFI and SU. Additions of isoleucine to the previous com- 
bination gave a further improvement in ADG, ADFI and F/G. 
The treatment that contained all the amino acids calculated 
to be limiting gave the best response, for all parameters, 
of any of the all corn diets. The 18% crude protein corn- 
soybean meal diet produced the highest overall growth per- 
formance, but the best performance of the all corn diets 
approached that of the corn-soybean meal diet. 
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Introduction 
Over the past few years, work at many locations has led 
to the general conclusion that for most classes of swine, 
the protein in corn grain is limiting in lysine and trypto- 
phan, either in a one-two, or a colimiting relationship. 
Beyond these two amino acids little is known. The data that 
is available is conflicting, especially for pigs weighing 10 
to 35 kg. This is the time in a pig's life that protein is 
being most efficiently utilized. Therefore, research into 
the amino acid needs of p~gs at this age might prove to be 
the most valuable. 
Dent corn(~ mays indentata) is the primary feedgrain 
in the major swine producing areas of the Midwest. Corn makes 
up the largest portion of most swine diets, and thus, it is 
a maJor source of protein, as well as being a source of 
energy. Young pigs require a fairly high level of protein in 
the diet when a typical corn-soybean meal diet is fed. If 
the quality of the corn protein could be improved by adding 
specific amino acids, it should be possible to reduce the 
total protein fed. When the amino acid requirements of the 
young pig (NRC, 1979) are compared to the amino acid content 
of corn (table 1), the limiting amino acids apparently follow 
this order; 1) Lysine, 2) Tryptophan, 3) Isoleucine and/or 
Valine, 4) Threonine and 5) Methionine (total sulfur amino 
acids). It has been shown experimentally that lysine and 
tryptophan do become limiting cl?sely together. However, 
experiments with additional amino acids have given conflicting 
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results (Clawson and Matrone, 1963; Lewis~!!.!.·, 1979). 
Therefore, it seems necessary to conduct an experiment that 
compares many combinations of amino acids. 
The cost and size of an experiment utilizing pigs to 
adequately test a number of amino acids and their combina- 
tions would be very high. Purified or synthetic amino acids 
are expensive and the amounts that would be needed to feed a 
large group of pigs will certainly limit the scope of an 
experiment. In addition, the number of pigs needed to pro- 
vide adequate replication may be limited by facilities or 
cost. Thus rats were chosen for the initial experiment. 
The rat is often used, as its nutrition and metabolism 
are similar to the pig's. 
Rosenberg~!!.· (1960) examined the amino acid 
supplementation of corn meal in the rat. However, several 
questions still remain. In the experiments of Rosenberg 
~ !!.· the corn used was a white variety and there may be 
differences between white and yellow corns. Secondly, 
while Rosenberg and his coworkers established good levels 
at which lysine and tryptophan were fed, only .05% of the 
other amino acids were used and these levels may not have been 
high enough to stimulate maximum response. An interesting 
result was observed, however. When the pig's amino acid re- 
quirements are compared to the amino aci~ content of corn, 
isoleucine and valine appear to be next limiting after lysine 
and typtophan. However, Rosenberg~ al. found that both 
threonine and methionine became limiting before valine. 
Isoleucine and threonine appeared to be colimiting, as 
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additions of either alone depressed growth, but the pair 
together gave an increased response. 
So, based, in part upon the work just cited, the 
objectives of this initial trial were to examine combinations 
of amino acids to: 1) Confirm whether or not lysine and 
tryptophan are independent or colimiting and 2) Determine 
which amino acids are third and fourth limiting. 
Experimental Procedure 
Ninety weanling male rats, Holtzman strain, obtained 
from a commercial supplier1, were divided into blocks on the 
basis of initial weight and were allotted at random within 
blocks to nine dietary treatments (table 2). Treatments 
consisted of the supplementation of single amino acids or 
combinations of amino acids in corn-mineral-vitamin diets. 
Treatments 1 through 8 had no supplemental protein added. 
Treatment 9 was an 18% crude protein corn-soybean meal diet 
that served as a positive control. Diets (table 3) were 
formulated to meet NRC (1978) requirements for energy, 
minerals and vitamins. The mineral and vitamin premixes 
(tables 4 and 5) were those recommended by the Ad Hoc 
committee of the American Institute of Nutrition (1977). 
When amino acids were provided, the levels added brought 
the total amino acid level equal to 120% of the requirement 
(NRC, 1978). 
1sasco Inc., Omaha, NE 
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Response criteria were average daily gain (ADG), aver- 
age daily feed intake (ADFI), feed conversion (F/G) and serum 
urea (SU). The rats were housed, fed and watered in individ- 
ual cages located in an environmentally controlled room. The 
trial period lasted 21 days. The rats were fed daily and 
weigh and feed consumption were measured weekly. Twenty- 
four hours after the end of the growth period, the rats were 
bled via heart puncture, using evacuated tubes2, following 
anesthesia, using ethyl ether. This bleeding was conducted 
early in the morning, to standardize the time from feeding 
(Anderson and Edney, 1969; Eggum, 1970). The samples were 
placed on ice until all the bleedings were complete. They 
were then centrifuged to separate the serum. The serum was 
decanted and stored frozen until analyzed. The serum was 
1 d f . . . 3 ana yze or urea using automatic equipment . The procedure 
from Frankel~ al. (1970) was used. The experiment was 
designed and statistical analysis was conducted according 
to the appropriate procedures as outlined by Steel and Torrie 
(1960). 
Results and Discussion 
A sunnnary of average daily gain (ADG), average daily 
feed intake (ADFI), feed conversion (F/G) measured as feed/ 
gain and serum urea (SU) responses is presented in table 6. 
2vacutainer, Becton-Dickinson and Company, Rutherford, NJ 
07070 
3AutoAnalyzer, Technicon Instrum~nts Corporation, Tarrytown, NY 10591 
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Table 7 shows the contrasts that were calculated in the 
analysis of the data and the levels of significance obtained. 
Highly significant differences were found for many of the 
comparisons. The reduction in ADG for treatments 2 and 3 
compared to the mean of treatment 1 indicates that when lysine 
(treatment 2) or tryptophan (treatment 3) was added to the 
basal diet (treatment 1) an imbalance may have occurred 
(Harper~ al., 1970; Rogers, 1976). The large increase 
in ADG for treatment 4 (lysine+ tryptophan) over treatments 
2 and 3 confirms the hypothesis that lysine and tryptophan 
are colimiting for rats fed corn. The addition of isoleucine 
(treatment 5) slightly depressed ADG while threonine (treat- 
ment 6) gave a significant increase. This indicates that 
threonine is the third limiting amino acid for rats fed corn. 
When isoleucine is added in combination with threonine to a 
corn-lysine-tryptophan diet (treatment 7) a further increase 
in ADG was observed and this indicates that isoleucine is 
probably the fourth limiting amino acid for the growing rat 
fed corn. The response to the addition of the other amino 
acids; histidine, methionine and valine; that were also 
calculated to be possibly limiting (treatment 8) was also 
highly significant. This indicates that one or more of those 
amino acids is limiting when the needs for lysine, tryptophan, 
threonine and isoleucine are met. The final increase in 
response to the 18% crude protein corn-soybean meal diet 
(treatment 9) indicates that not all the requirements for 
maximal growth in the young rat were met by treatment 8. 
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Whether it is an unmet need for an amino acid or some other 
nutritional factor cannot be discerned from this experiment. 
The responses for the other growth parameters (ADFI and F/G) 
were similar to those seen for ADG, though not always with as 
significant a difference between the means. Although ADFI 
was depressed by the addition of lysine to the basal diet 
(treatment 2), no depression was observed when tryptophan 
was added (treatment 3). The depression in ADFI also indi- 
cates an amino acid imbalance (Kumta and Harper, 1961). 
For F/G, the addition of tryptophan actually gave a small 
improvement in response over the basal diet. The addition 
of both amino acids (lysine and tryptophan) together gave 
an increase over the basal diet for both ADFI and F/G. 
Unlike ADG, little or no difference in ADFI was seen between 
the single additions of isoleucine or threonine. The addi- 
tion of the two together did give an improvement similar to 
that seen for ADG. The responses in ADFI to treatments 8 
and 9 were also similar to the responses seen in ADG. No 
further significant improvement in F/G was seen in treatments 
8 and 9, though there was a trend toward improvement. 
The effect of diet on serum urea concentration (SU) 
agreed closely with the performance data. The addition of 
tryptophan to the basal caused an increase in SU, indicating 
that an imbalance may have occurred (Kumta and Harper, 1961). 
The reduction in SU when lysine and tryptophan were given 
together (treatment 4) is an indication of improvement in 
the amino acid balance in the diet. No further significant 
improvement was seen until treatment 8, which contained all 
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seven of the amino acids, was given. The high SU observed in 
rats fed treatment 9 may be explainable, because the total 
protein was almost twice as high as in the other diets. 
There is a positive relationship between dietary protein 
level and SU (Eggum, 1970). 
Overall, several conclusions can be drawn from this 
experiment. First, this work confirms that lysine and trypto- 
phan are very closely limiting in all corn diets. This con- 
clusion has been indicated by previous work with both rats 
and swine. Secondly, threonine appears to be the third 
limiting amino acid for the rat. Additions of this amino 
acid improved both growth and blood parameters. The data 
also indicate that isoleucine may be fourth limiting. 
Growth parameters were improved by its addition, but there 
was no reduction in serum urea. In addition this experiment 
provides good evidence that further improvements can be made 
beyond the first four limiting amino acids. Further experi- 
ments using various combinations of other essential amino 
acids are needed to identify the total sequence of limiting 
amino acids. The performance that was obtained with treat- 
ment 8 compared to treatment 9 (corn-soybean meal) was 
encouraging. It showed that it may indeed be possible to 
build a diet based solely on corn supplemented with synthetic 
amino acids. 
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Table 1. 
Amino Acid Content of Corna Compared to the 
Amino Acid Requirementsb of the 20-35 kg Pig 
Amino Acid . .b Requirement 
% 
Corn Content 
% of % of 
Grain Requirement 
Lysine .70 .24 34.3 
Arginine .20 .50 250.0 
Histidine .18 .20 111.1 
Isoleucine .50 .40 80.0 
Leu cine .60 1.10 183.3 
Methioninec .45 .40e 88.9 
Phenylalanined .70 r.oo! 142.9 
Threonine .45 .39 86.7 
Tryptophan .12 .05 41.7 
Valine .50 .40 80.0 
aDent Corn, yellow, Zea mays indentata, 4-02-935. 
b . 1 Research Council, 1979. Nati.ona 
cone half of requirement may be met by cystine. 
done half of requirement may be met by tyrosine. 
eEqual to methionine (.20) + cystine (.20). 
£Equal to phenylalanine (.SO)+ tyrosine (.50). 
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Table 2. 
Experimental Design - 79601 
Randomized Complete Block 
Diets 
1 - Corn, minerals and vitamins (Basal diet). - 
2 - Basal+ lysine 
3 - Basal+ tryptophan 
4 Basal+ lysine+ tryptophan 
5 - Basal +lysine+ tryptophan + isoleucine 
6 - Basal +lysine+ tryptophan + threonine 
7 - Basal +lysine+ tryptophan + isoleucine + threonine 
8 - Basal+ lysine+ tryptophan + isoleucine + threonine+ 
histidine+ methionine + valine 
9 - Corn-soybean meal, 18% crude protein 
90 male rats, 22 days old 
rats were blocked by weight into 10 replications 
weight - range 43.6-64.1 g 
mean 45.4 g 
Diets were fed in meal form. 
Rats were individually caged and fed. 
Rats were weighed and feed consumption calculated weekly. 
Blood samples taken at the end of the'trial. 
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Table 4. 
6 · · . a b AIN-7 Vitamin Premix~ 
Vitamin Amount Provided/kg. 
6.0 mg 
6.0 mg 
7.0 mg 
30.0 mg 
16.0 mg 
2.0 mg 
0.2 mg 
10.0 mcg 
4000.0 IU 
1000.0 IU 
50.0 IU 
50.0 mcg 
Thiamin HCl 
Riboflavin 
Pyridoxine HCl 
Nicotinic Acid 
Calcium Pantothenate 
Folic Acid 
Biotin 
Cyanooobalamin 
Vitamin A 
Vitamin D 
Vitamin E 
Vitamin K 
aAmerican Institute of Nutrition, 1977. 
bFed at 1% of the diet. 
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Table 5. 
AIN-76 Mineral Premixa,b 
Mineral Amount Providedc 
Calcium 5,200.0 
Phosphorus 4,000.0 
Sodium 1,020.0 
Potassium 3,600.0 
Magnesium 500.0 
Manganese 54.0 
Iron 35.0 
Copper 6.0 
Zinc 30.0 
Iodine 0.2 
Selenium 0.1 
Chromium 2.0 
Chloride 1,560.0 
Sulfate 1,000.0 
~American Institute of Nutrition, 1977. 
bFed at 3.5% of the diet. 
cExpressed as mg/kg. 
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Table 7. 
Orthogonal contrasts and level of significance 
for the treatment means - Neb. Experiment 79601 
Comparison Parameter 
ADG ADFI F/G SU 
1 VS 2,3,4,5,6,7,8,9 .0001 .0027 .0001 .0009 
2,3,4 vs 5,6,7,8,9 .0001 .0001 .0001 .0001 
2,3 vs 4 .0001 .0873 .0001 .0001 
2 VS 3 NS NS NS NS 
5,6 VS 7,8,9 .0001 .0001 .0095 NS 
5 VS 6 .0032 NS .1461 NS 
7,8 vs 9 .0001 .0030 NS .0001 
7 vs 8 .0001 .0004 NS .0001 
NS - nonsignificant (P>.15) 
Effects of Threonine and Isoleucine 
Additions to a Diet Containing Corn, 
Lysine and Tryptophan on the Nitrogen 
Excretion of Young Pigs 
Nebraska Agricultural Experiment Station 
Swine Nutrition Experiment 79410 
Summary 
An experiment was conducted to determine the effect of 
supplementing a corn-mineral-vitamin-lysine-tryptophan diet 
with threonine and/or isoleucine on the excretion of nitroge- 
ous products of metabolism in the urine of young gilts. 
Thirty-six young gilts were catheterized to provide an 
accurate daily urine collection. For one week all gilts were 
fed a basal corn-mineral-vitamin-amino acid diet. Urine was 
collected and analyzed to provide the basal excretion rate. 
The gilts were then allotted to four treatments: 1) basal, 
2) basal+ threonine, 3) basal+ isoleucine, and 4) basal+ 
threonine+ isoleucine. Urine was collected and analyzed to 
determine if any changes in excretion of nitrogenous compounds 
had occurred. Criteria examined were the changes in excretion 
of urea, creatinine, ammonia and total nitrogen. 
Significant changes were observed for urea and total ni- 
trogen excretion. Addition of threonine significantly reduced 
daily excretion of urea. A further significant decrease in 
urea was observed when threonine and isoleucine were supple- 
mented together. Total nitrogen excretion reacted in a simi- 
lar manner to urea excretion, which was expected, as urea is 
a major component of the total urinary nitrogen. Creatinine 
and ammonia excretions were not significantly affected by 
dietary treatment. The lowered urea excretion indicated an 
improvement in the quality of the dietary protein due to the 
addition of these amino acids. The lowered excretions seen 
with the additions of threonine and isoleucine indicate that 
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threonine and isoleucine are third and fourth limiting for the 
all corn diet fed to young pigs. 
Introduction 
A large body of both classical and recent work agree tha~ 
in diets that have all the dietary protein provided by corn 
grain, lysine and tryptophan are essentially colimiting for 
swine. Therefore, the interest of investigators has turned 
to the examination of the other amino acids that are essential 
in the diet, in an attempt to determine which are next limit- 
ing in these types of diets. 
Urea is the primary endproduct of the metabolism of amino 
acids. This was first recognized by Liebig (1840). It was 
later reported that the output of urea was affected by the 
adequacy of the amino acid balance in the diet being fed. 
Brown and Cline (1974) fed 25 kg pigs corn diets supplemented 
with tryptophan. They also supplemented some pigs with 
additional lysine, and measured the urinary urea excretion. 
The urea excretion of those pigs given both lysine and trypto- 
phan was lower than that of those pigs given only tryptophan. 
Fuller and his co-workers (1979) used this method to determine 
the order of the first three limiting amino acids in barley. 
Work with growing rats by Rosenberg!;!.!!_. (1960) indi- 
cated that threonine and isoleucine are third and fourth 
limiting in all corn diets. Both performance and metabolic 
(serum urea) parameters were improved by the addition of 
these two amino acids. 
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Therefore, the objective of this trial was to examine 
the effect of the additions of threonine and/or isoleucine to 
all corn diets that contained supplemental lysine and trypto- 
phan on the levels of nitrogenous products, especially urea, 
excreted via the urine of young pigs. 
Experimental Procedure 
Thirty-six young crossbred gilts were assigned to three 
groups. The average weight of pigs in each group was approxi- 
mately 27 kg when each group was placed on test. Gilts were 
fitted with indwelling bladder catheters, using a technique 
modified from that described by Fuller~ !1· (1979), and 
randomly assigned to individual metabolism stalls. The experi- 
ment was conducted in two consecutive periods for each group. 
Each period lasted seven days (table 1). During the first 
period, all pigs received treatment 1 (table 2). This diet 
was an all corn diet supplemented with minerals, vitamins, 
lysine and tryptophan. This was the basal diet and the nitro- 
gen levels measured during this period served as the base 
from which the change during the second was measured. Total 
daily urine collections were made during days 4 and 7. Urea 
excretion has been shown to stabilize within three days of a 
dietary change (Fuller~ al., 1979, Lewis, unpublished data). 
At the end of the first seven days, all gilts for which com- 
plete collections had been made during the ·first period were 
allotted to the four dietary treatments (table 2) used during 
the second period (table 1). As in the first period, total 
daily urine collections were made on days 4 through 7. 
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Treatment 1 was the same basal diet used in the first period. 
Treatment 2 was the basal+ threonine, treatment 3 was the 
basal+ isoleucine, and treatment 4 was the basal+ threonine 
+ isoleucine. These diets were calculated to meet the require- 
ments of the 20-35 kg pig for energy, vitamins and minerals 
(NRC, 1979). Lysine and tryptophan were added to all diets to 
provide a level of total lysine and tryptophan equal to approx- 
imately 120% of the requirements (NRC, 1979). When threonine 
or isoleucine were added, the level was also that which pro- 
vided 120% of the requirement. During both periods feed and 
water were provided ad libitum. 
Response criteria were daily urinary excretion of urea, 
creatinine, ammonia and total nitrogen. Urine was collected 
via indwelling bladder catheters. Twenty-four hour collections 
were made. The urine was collected in glass or plastic jugs. 
Each jug contained 50 ml of a 10% (v/v) solution of technical 
grade hydrochloric acid. This served to acidify the urine to 
prevent the loss of volatile nitrogen compounds. Every 24 
hours the volume of the urine excreted was measured and the 
urine was diluted to the nearest 500 ml volume with water. 
After mixing thoroughly, a 50 ml sample of the diluted urine 
was frozen for later analysis. The remaining urine was dis- 
posed of. The urine samples were analyzed for urea, creatinine 
and ammonia using automatic equipment.1 Total nitrogen analy- 
sis was done using Kjeldahl equipment.2 The procedures for 
iAutoAnalyzer, Technicon Instruments Corporation, Tarrytown, 
New York. 10591 
2Kjeltec System 1003, Tecator AB, S-263 01, Hoganas, Sweden. 
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urea and creatinine were from Frankel!:,! al. (1970). The pro- 
cedure for annnonia was that of Streeter~!!_. (1970). The 
procedure for total nitrogen was a Kjeldahl method, modified 
from AOAC (1980). The experiment was designed according to 
appropriate procedures as outlined by Steel and Torrie (1960), 
and was analyzed using general linear model procedures from 
SAS (Barr~!!·, 1976). 
Results and Discussion 
A summary of the daily excretion of urea, creatinine, 
annnonia and total nitrogen is presented in tables 5-8. These 
values compare with levels seen by other workers (Fuller,~ 
al., 1979; Brown and Cline, 1974). A sunnnary of the change 
in urea, creatinine, annnonia and total nitrogen is presented 
in table 9. The values in table 9 were calculated as the 
individual mean daily excretion for period 2 minus the grand 
mean of the daily excretion for period 1. The orthogonal 
comparisons used for comparing the changes, and the levels of 
significance obtained, are presented in table 10. Of the 36 
pigs that began on test, 21 completed the 2 collection periods. 
The other pigs were lost from the trial for a number of rea- 
sons. Two pigs were lost when they died, due to a reaction 
to the anesthesia used during insertion of the catheter. An- 
other gilt was removed from test due to a rectal prolapse. 
The other gilts were lost when the catheters were passed out 
of, or pulled from the urethra. Attempts were made to rein- 
sert catheters, but damage to the tract made it difficult to 
reinsert catheters. Those reinserted also did not stay 
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inserted. Also the time involved in getting a gilt back on 
test was such that most of the collection period was lost. 
Therefore beyond the tirst few instances, no attempts were 
made to bring gilts back on test. Most losses occurred with- 
in the first days of the first period, so the majority of the 
pigs that were allotted to treatment at the beginning of 
period 2, completed collections. At the end of the trial 
there were five pigs on treatments 1, 3 and 4. Six pigs re- 
mained on treatment 2. 
The large decrease in daily urea excretion observed when 
treatment 2 (basal+ threonine) was given during period 2, 
when compared to the change seen for pigs that were on treat- 
ment 3 (basal+ isoleucine) indicates that threonine was the 
limiting amino acid in these diets. The change in urea excre- 
tion for treatment 3 was not significantly different from that 
of the basal diet. However, since the means for animals on 
treatment 3 showed a slight increase in urea excretion, while 
those on treatment l showed a slight decrease, this response 
may indicate that an imbalance occurred. The change in excre- 
tion for treatment 4 was significantly greater than that for 
treatment 2. This indicates that isoleucine was the next 
limiting amino acid after threonine. Daily urinary creatinine 
ammonia were analyzed and no differences due to treatment were 
found. This helps confirm that the changes in urea excretion 
were due to dietary, and not some other, factors. Total nitro- 
gen was analyzed by a Kjeldahl procedure, and the results were 
found to parallel those seen in urea. The differences between 
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treatments 1 and 3 compared to 2 and 4 was significant, but 
the difference between 2 and 4 for total nitrogen was not, 
unlike the urea data. The response seen for total nitrogen 
was expected, as urea constitutes the largest part of the 
nitrogen in the urine. 
Overall, we can state, based on the results of this ex- 
periment, that threonine and isoleucine are the third and 
fourth limiting amino acids for the young pig fed corn. Addi- 
tions of threonine followed by isoleucine significantly lowered 
the excretion of urea, indicating that the quality of the pro- 
tein in the diet was improved. The fact that creatinine, a 
nitrogenous compound found in the urine, showed no significant 
change indicated that there did not seem to be additional 
stress or physical injury that might have influenced the 
nitrogen turnover. It is interesting to note that the level 
of urea being excreted was very low on treatment 4, and may 
be near the base level that would be present due to normal 
turnover of protein in the body. 
Table 1. 
Experimental Design 
Experiment 79410 
Randomized Complete Block 
Two Periods 
Period 1 - 7 days 
All pigs fed treatment 1 
Urine collected days 4-7~ 
Period 2 - 7 days 
Pigs fed 4 treatments 
Urine collected days 4-7 
Treatments 
Diet 1 - Basal, corn-minerals- 
vitamins-lysine-tryptophan 
Diet 2 - Basal+ threonine 
Diet 3 - Basal+ isoleucine 
Diet 4 - Basal+ threonine+ isoleucine 
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Table 2. 
Diet Composition - 79410 
Diets 
Ingredient Int. Feed No. 1 2 3 4 
Corn 4-02-935 95.81 95.64 95.59 95.42 
Limestone 6-02-632 .81 .81 .81 .81 
Dicalcium 
Phosphate 6-01-080 1.25 1.25 1.25 1.25 
Salt .25 .25 .25 .25 
Trace MiReral .10 .10 .10 .10 Premix 
Vitamin Premixb 1.00 1.00 . 1. 00_. 1.00 
L-Lysine1HCl • 69 .69 . 69 .69 
L-Tryptophan .09 .09 .09 .09 
L-Threonine .17 .17 
L-Isoleucine .22 .22 
100.00 100.00 100.00 100.00 
aTable 3 
bTable 4 
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Table 3. 
Trace Mineral Premixa - 79410 
Mineral % . Premix in 
Zinc 20.00 
Iron 10.00 
Manganese 5.50 
Copper 1.10 
Cobalt 0.10 
Iodine 0.10 
aFed at 0.1% of the diet. 
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Table 4. 
Vitamin Premixb - 79410 
Vitamin Amount per Kilogram 
of Premix 
A 
D3 
Riboflavin 
2,750,000 IU 
220.000 IU 
D-Pantothenic Acid 
1,430 mg 
11,000 mg 
11,000 mg 
110,000 mg 
11 mg 
1,100 mg 
Niacin 
Choline Chloride 
Bl2 
Menadione Sodium 
Bisulfite 
Ethoxyquin 
E 
2.2 g 
11,000 IU 
bFed at 1.0% of the diet. 
Table 5. 
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Excretion of Urinary Urea by Period 
Treatment · Period 
la 2 
mg/day 
10932.430 10418.452 
10202.330 4094.930 
11797.815 11443.299 
11248.607 2133.357 
11045.296 
1 
2 
3 
4 
Grand Meanb 
aDuring period 1 all animals received treatment 1. 
bGrand Mean is the mean of all pigs for period 1. 
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Table 6. 
Excretion of Creatinine by Period 
Treatment Pe r i od .. 
la 2 
m~/day 
967.480 1151. 680 
746.380 875.940 
960.200 1125.600 
985.580 1022.700 
914.910 
1 
2 
3 
4 
Grand Meanb 
aDuring period 1 all animals received treatment 1. 
bGrand Mean is the mean of all pigs for period 1. 
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Table 7. 
Excretion of Ammonia by Period 
Treatment Period 
la 2 
ms/dai 
1957.078 1760.611 
1625.800 1483.265 
2010.004 1907.443 
1878.075 1657.431 
1867.739 
l 
2 
3 
4 
Grand Meanb 
aDuring period 1 all animals received treatment 1. 
bGrand Mean is the mean of all pigs for period 1. 
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Table 8. 
Total Nitrogen Excretion by Period 
Treatment Period 
la 2 
mg/da:t 
6608.200 6774.900 
6326.458 4164.917 
7128.150 7216.150 
6576.800 3666.550 
6659.902 
1 
2 
3 
4 
Grand Meanb 
aDuring period 1 all animals received treatment 1. 
bGrand Mean is the mean of all pigs for period 1. 
39 
Table 9. 
Change in the Excretion of Urinary 
Nitrogen and Nitrogenous Components - 79410 
Component Treatments 
1 2 3 4 
Change in mg/day 
Urea -626.85 -6950.38 398.00 -8911. 95 
Creatinine 236.75 -38.99 210.68 107.78 
Ammonia -107.13 -384.48 39.70 -201. 31 
Total Nitrogen 115.00 -2494.99 556.25 -2993.35 
Table 10. 
Ortho~onal Comparisons and Levels of 
Significance Obtained - 79410 
Comparison Level of Significance 
Urea Creatinine Ammonia Total Nitrogen 
1 vs 3 NS NS NS NS 
2 VS 4 .0241 NS NS NS 
1,3 VS 2,4 .0001 NS NS .0002 
NS=P>. 10 
Effect of Threonine and/or Isoleucine 
on the Growth and Serum Urea Concentrations 
of Young Pigs Fed an All Corn Diet 
Supplemented with Lysine and Tryptophan 
Nebraska Agricultural Experiment Station 
Swine Nutrition Experi~ent 80408 
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Summary 
An experiment was conducted to determine the effect of 
supplementing a corn-mineral-vitamin-lysine-tryptophan diet 
with threonine and/or isoleucine on growth and blood parameters 
of young swine. 
Twenty-four young pigs (12 barrows, 12 gilts) were 
allotted to individual feeding pens and fed four dietary 
treatments: 1) basal corn-mineral-vitamin-amino acids, 
2) basal+ threonine, 3) basal+ isoleucine, and 4) basal+· 
threonine+ isoleucine. The pigs were fed for 28 days. 
Weight gain and feed consumption were measured and blood 
samples taken weekly. Pigs were fed and watered ad libitum 
for the length of the trial. Response criteria were average 
daily gain (ADG), average daily feed intake (ADFI), feed 
conversion (F/G) and serum urea (SU). 
The addition of threonine increased ADG and F/G compared 
with the basal diet. No other significant responses were seen 
for the growth parameters. A very significant decrease in SU 
was observed with the addition of threonine. Also a trend 
toward further decrease was seen for the addition of threonine 
+ isoleucine. These data indicate that threonine is the third 
limiting amino acid in corn. 
Introduction 
Many workers have shown that when diets composed of corn 
grain, with no supplemental protein added, are fed to young 
pigs, lysine and tryptophan are colimiting (Clawson and 
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Matrone, 1963; Cromwell~ al., 1967; Baker~ al., 1969; 
Ilori and Conrad, 1977). The addition of these two amino 
acids not only supported life, but also some growth. The 
growth, however, did not approach that of the normal diets 
containing supplemental protein that are generally fed to this 
class of pig. Some workers have tried to improve performance 
further by the addition of other possibly limiting amino 
acids, but the results obtained have been conflicting and in- 
conclusive. 
Recently, work has been done at the University of 
Nebraska in an attempt to identify those amino acids that are 
third and fourth limiting for young growing swine. First, a 
growth study using weanling rats (Neb. Exp. 79601) was con- 
ducted. Its objectives were to confirm the earlier work 
indicating that lysine and tryptophan are colimiting in all 
corn diets, and to screen other amino acids and their combina- 
tions in an attempt to isolate the third and fourth limiting 
amino acids in all corn diets. The previous work concerning 
lysine and tryptophan was confirmed and threonine and isoleu- 
cine were identified as possibly being the third and fourth 
limiting amino acids. 
With this knowledge, a metabolism trial, using young 
(approximately 27 kg) gilts, was conducted (Neb. Exp. 79410). 
In this trial, daily urine collections were made during two, . 
four-day periods. During the first period all pigs were fed 
a basal corn-mineral-vitamin diet, supplemented with lysine 
and tryptophan. During the second_ period, the basal diet was 
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supplemented with threonine and/or isoleucine. The urine 
collected was analyzed for urea, creatinine, ammonia and total 
nitrogen. The two periods were compared, and the changes in 
daily excretion of those compounds were used to indicate the 
protein quality status of the treatments. This experiment 
with pigs confirmed the results of the rat growth trial. The 
addition of threonine significantly decreased daily urea excre- 
tion, and the further addition of isoleucine lowered excretion 
further again. These data confirm, therefore, that at least 
metabolically, threonine and isoleucine are third and fourth 
limiting for young swine fed an all corn diet. 
It was now necessary to conduct a growth trial, with pigs, 
to see if growth performance could be improved by the additions 
of these amino acids. Thus the objective of this trial was to 
determine the effects of the addition of threonine and/or 
isoleucine on growth and blood urea of young pigs fed an all 
corn diet. 
Experimental Procedure 
Twenty-four young pigs, 12 barrows and 12 gilts, with 
an initial weight of about 24 kg were assigned at random to 
four treatments (table 1). The treatments consisted of a 
basal corn-mineral-vitamin diet, that was supplemented with 
lysine and tryptophan, and the basal with additions of 
threonine and/or isoleucine (table 2). The diets were calcu- 
lated to meet all the requirements set by the NRC (1979), 
for the 20-35 kg pig, for energy, vitamins and minerals. 
Lysine and tryptophan were supplemented so that the total of 
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each amino acid was approximately 120% of the requirement. 
This was also the case when threonine or isoleucine were added 
to the diet. The proximate analyses of the diets are present- 
ed in table 5. 
The pigs were individually housed and fed, in an environ- 
mentally controlled facility. Feed and water were available 
ad libitum. The pigs were on test 28 days. They were weighed 
and feed consumption was measured weekly. The pigs were also 
bled weekly, via puncture of the vena cava, using evacuated 
tubes.1 The samples were placed on ice until all pigs had 
been bled, then they were centrifuged to separate the serum. 
The serum was decanted and frozen until analyzed. The serum 
was analyzed for urea with automatic equipment,2 using the 
procedure from Frankel et al. (1970). Response criteria 
for this trial were average daily gain, average daily feed 
intake, feed conversion measured as feed/gain and serum 
urea. The e~periment was designed according to procedures 
outlined by Steel and Torrie (1960) and analysis was conducted 
using general linear model procedures, using SAS (Barr,~ al., 
1976). 
Results and Discussion 
A summary of average daily gain (ADG), average daily 
feed intake (ADFI), feed conversion (F/G) and serum urea (SU) 
1vacutainer, Becton-Dickinson and Company, Rutherford, New Jersey, 07070 
2AutoAnalyzer, Technicon Instruments Corporation, Tarrytown, New York, 10591 
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are presented in table 6. Table 7 shows the orthogonal con- 
trasts that were calculated in the analysis of the data, and 
the levels of significance that were obtained. 
ADG for treatment 2 was significantly higher than ADG 
for treatment 4. The ADG for treatment 2 was highest overall, 
and as the ADG for treatment 4 was fairly similar to that of 
treatments 1 and 3, it appears that there was a small response 
in ADG to the addition of threonine (treatment 2). There was 
no response to any of the other treatments, with a slight 
reduction occurring with treatment 4 (threonine+ isoleucine). 
There was no difference (P .15) between any of the treatments 
for ADFI. The best F/G was seen for treatment 2 (basal+ 
threonine). The difference between treatments 2 and 4 (basal 
+threonine+ isoleucine) approached significance and the 
two were significantly higher than the other treatments. SU 
was considerably lower in those pigs fed treatment 2 (basal+ 
threonine) than in the pigs fed the basal diet. The differ- 
ence between treatments 2 and 4 and the other two was large 
and highly significant. Treatment 4 (basal+ threonine+ 
isoleucine) also tended to give lower values than treatment 
2 (basal+ threonine). 
Overall, the growth data was somewhat inconclusive. 
There was some improvement in ADG and a good improvement in 
F/G with the addition of threonine, but the addition of iso- 
leucine with threonine depressed the response seen compared 
to the addition of threonine alone. It appears that for 
both ADG and F/G, an imbalance was occurring when isoleucine 
was added with threonine. There was some F/G response above 
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the basal, but not as much as when threonine was added alone, 
as if the response to threonine was being partially depressed. 
This is contradictory to the results of Exp. 79410 and the 
serum urea data of this experiment. 
The response of SU confirms the results of the rat growth 
trial and the pig metabolism experiment. The strong response 
to additional threonine and the slight trend towards increased 
reduction of SU with the further addition of isoleucine con- 
firms that threonine is third limiting and that isoleucine 
may be fourth limiting for young pigs on an all corn diet. 
Overall Conclusions 
To sum up this work, as far as the basal metabolism of 
pigs and rats, fed on all corn diet is concerned, threonine 
is the third limiting amino acid. The work with blood and 
urine parameters in all three trials confirm this. We also 
have good indications that isoleucine is the fourth limiting 
amino acid. As far as growth parameters were concerned, the 
rat was able to make good weight gains on corn supplemented 
with amino acids, but the performance of pigs on this 
dietary program was not as good. We did see an improvement 
in ADG and F/G when threonine was supplemented, but the over- 
all growth performance was only fair. It may be that although 
the needs for these four essential amino acids were being 
met, the low (approximately 9%) total protein level of these 
diets was insufficient for optimal growth. 
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Table 1. 
Experimental Design - 80408 
Completely Randomized Design 
24 young pigs, weight approximately 24 kg 12 barrows and 12 gilts 
Assigned to four treatments 
Individually housed and fed 
Feed and water provided ad libitum 
Trial length 28 days 
Pigs weighed, bled and feed consumption 
measured every 7 days 
Response Criteria 
Average Daily Gain 
Average Daily Feed Intake Feed Conversion (F/G) 
Serum Urea 
Treatments 
Diet 1 - Basal, corn-mineral-vitamin 
supplemented with lysine and tryptophan 
Diet 2 - Basal+ threonine 
Diet 3 - Basal+ isoleucine Diet 4 - Basal+ threonine+ isoleucine 
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Table 2. 
Diet Composition - 80408 
Diets 
Ingredient Int. Feed No. 1 2 3 4 
Corn 4-02-935 95.81 95.64 95.59 95.42 
Limestone 6-02-632 .81 .81 .81 .81 
Dicalcium 
Phosphate 6-01-080 1.25 1.25 1.25 1.25 
Salt .25 .25 .25 .25 
Trace MiReral .10 .10 .10 .10 Premix 
Vitamin Premixb 1.00 1.00 1.00 1.00 
L-Lysine HCl .69 .69 .69 .69 
L-Tryptophan .09 .09 .09 .09 
L-Threonine .17 .17 
L-Isoleucine .22 .22 
100.00 100.00 100.00 100.00 
aTable 3 
bTable 4 
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Table 3. 
Trace Mineral Premixa - 80408 
Mineral % . Premix in 
Zinc 20.00 
Iron 10.00 
Manganese 5.50 
Copper 1.10 
Cobalt 0.10 
Iodine 0.10 
aFed at 0.1% of the diet. 
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Table 4. 
Vitamin Premixa - 80408 
Vitamin Amount per Kilogram 
of Premix 
A 2,750,000 IU 
220,000 IU 
1,430 mg 
11,000 mg 
11,000 mg 
110,000 mg 
11 mg 
1,100 mg 
D3 
Riboflavin 
D-Pantothenic Acid 
Niacin 
Choline Chloride 
B12 
Menadione Sodium 
Bisulfite 
Ethoxyquin 2.2 g 
11,000 IU E 
aFed at 1.0% of the diet. 
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Table 5. 
Analysis of the Diets - 80408 
Treatment 
Nutrient 1 2 3 4· 
Dry Matter,% 87.57 87.86 88.02 87.66 
d . a % 9.16 9.28 9.19 9.29 Cru e Protein, 
Calcium, % .76 .75 .75 .77 
Phosphorus, % .51 .51 .47 .49 
aCrude Protein = N x 6.25 
Table 6. 
Effect of amino acid additions on performance and serum urea concentrations of young pigs 
Treatment 
Parameter 1 2 3 4 
Average Daily 
Gain, kg 
Average Daily 
Feed Intake, kg 
Feed Conversion 
0.448 0.502 0.467 0.419 
Serum Urea, mg/dl 
1.545 1.500 1.557 1.375 
3,469 2.997 3.371 3.297 
23.858 9.486 25.279 8.888 
Table 7. 
Orthogonal Comparisons and Levels 
of Significance Obtained - 80408 
1,3 vs 2,4 
Level of Si~nificance 
ADG ADFI F/G SU 
NS NS NS NS 
.0317 NS .1174 NS 
NS NS .0488 .0001 
Comparison 
1 vs 3 
2 vs 4 
NS= P>.15 
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Table 1. 
Analysis of Variance for Performance 
and Blood Parameters by Individual Rats 
Experiment 79601 
Sum of Squares a 
Source of 
Variation df ADG ADFI FIG Urea 
Total 88 
Block 9 3.989 34.315 72.510 832.044 
Treatment 8 291.449 469.940 •321.796 9087.213 
Contrasts 
1 vs 2-9 1 28.569 29.116 67.063 719.521 2-4 vs 5-9 1 127.590 192.903 164.901 2350.509 
2,3 vs 4 1 7.877 9.037 55.836 1062.757 
2 vs 3 1 0.000 4.065 1.518 120.273 5,6 vs.7-9 1 90.004 162.848 23.191 3.801 5 vs 6 1 3.232 .167 7.044 98.169 7,8 vs 9 1 18.794 28.346 1.335 3502.940 7 VS 8 1 15.383 41.414 0.999 1323.402 
Error 71 24.606 213.405 231.688 4223.222 
c.v. 17,475 14.028 38.205 27.445 
aType III sum of squares, calculated by SAS. 
Table 2. 
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Analysis of Variance for Urinary 
Urea Excretion by Individual Pigs 
Experiment 79410 
Source of 
Variation df 
Total 20 
Group 2 
Treatment 3 
Contrasts 
1 vs 3 1 
2 vs 4 1 
1,3 VS 2.4 1 
Trt x Group 6 
Error 9 
c.v. 
Sum of Squaresa 
19840375.250 
252197760.817 
886220.992 
15359581.090 
239408203.712 
20311423.197 
18846472.097 
34.767 
aType III sum of squares, calculated by SAS. 
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Table 3. 
Analysis of Variance for 
Urinary Creatinine Excretion by 
Individual Pigs 
Experiment 79410 
Source of 
Variation df 
Total 20 
Group 2 
Treatment 3 
Contrasts 
1 vs 3 1 
2 VS 4 1 
1,3 vs 2,4 1 
Trt x Group 6 
Error 9 
c.v. 
Sum of Squaresa 
982878.987 
65014.015 
388.583 
2135.013 
61732.286 
43804.555 
295857.368 
149.776 
~ype III sum of squares, calculated by SAS. 
Table 4. 
Analysis of Variance for 
Urinary Ammonia Excretion 
by Individual Pigs 
Experiment 79410 
Source of 
Variation df 
Total 20 
Group 2 
Treatment 3 
Contrasts 
1 VS 3 1 
2 vs 4 1 
1,3 VS 2,4 1 
Trt x Group 6 
Error 9 
c.v. 
Sum of Squaresa 
2960810.298 
152025.551 
66656.912 
542.323 
84335.955 
109622.602 
1612871.829 
240.559 
aType III sum of squares, calculated by SAS. 
Table 5. 
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Analysis of Variance for 
Total Urinary Nitrogen Excretion 
by Individual Pigs 
Experiment 79410 
Source of 
Variation df 
Total 20 
Group 2 
Treatment 3 
Contrasts 
1 vs 3 1 
2 vs 4 1 
1,3 vs 2,4 1 
Trt x Group 6 
Error 9 
c.v. 
Sum of Squaresa 
9922321.327 
34159242.241 
332424.316 
1527756.523 
32697704.300 
2658093.741 
8362324.406 
76.155 
aType III sum of squares, calculated by SAS. 
62 
Table 6. 
Procedure for the Insertion 
of Bladder Catheters in Young Gilts 
Note: Do not feed pigs prior to anesthesia. Removing feed reduces the chance of vomiting and choking while 
unconscious. 
Anesthetize the pi~ by injecting Surita! (1 ml per 5 kg 
body wt) into an ear vein. The injection step may be omitted 
if the pig is calm or well restrained. However, it requires 
a longer time for the pi~ to lose consciousness when gas alone 
is used. The gas is a mixture of Halothane, nitrous oxide, 
and oxygen. The oxygen level is set at 300 ml/min, nitrous 
oxide at 200 ml/min and Halothane level is reduced to 60 to 
80 ml/min. Open the oxygen flush periodically to keep the 
breathing bag open. A 3 liter or smaller bag should be used 
for a 30 kg pig. 
Cleanliness is important. Scrub hands and carefully 
wash the vulva and surrounding area on the pig with an anti- 
septic cream (Sulfa-Urea cream). Any lubricant that is used 
on the hands or any of the instruments must be on a water base, 
as petroleum-based substances attack the latex catheter. 
Lubricate the index finger of one hand with K-Y Jelly. 
Insert a lubricated index finger through the vulva and 
feel straight forward. About 5 cm into the vagina you should 
feed a constriction of the tract with a round opening approxi- 
mately S mm in diameter. Now feel back along the bottom of 
the tract for the urethral opening. This is usually 3 to 5 
mm in diameter and located 2 to 8 mm posterior to the con- 
striction you first located. There are several different 
anatomical features that may or may not be present to help you 
find the opening. Often there is a slight mound of tissue. 
The urethral o~ening may be found at the base of this mound. 
Another good sign is the urethral fold. This fold or groove 
lies in the bottom of the tract. It may extend outward from 
the opening 15 to 20 mm. It narrows as it gets closer to the 
opening. This fold may be used to help guide the catheter into 
the urethra. Feeling for the fold may be confusing, however 
as there is sometimes more.than one fold. The others, blind' 
folds, lead nowhere •. A third type of feature is ve~y similar 
to the mound. In this case, a set of small depressions 
surrounds the urethral opening. 
The size catheter (No. 14) used for a 30 k~ gilt is very 
limber, so it helps to have some way of stiffening or guiding 
the catheter. Either a stiff stylet or a more flexible wire 
may help. A flexible wire inside the catheter is usually the 
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better of the two methods. Insert the catheter along the bot- 
tom of the tract, using the finger that you used to find the 
opening of the urethra to guide it. Almost immediately u~on 
entering the urethra, resistance will be encountered. This 
is the sphincter muscle. Gently, push to catheter through. 
When 3 to 4 cm down the urethra, the flexible wire may be 
removed. Slide the catheter down the urethra until most of 
the catheter is in the pig, or the catheter stops. Urine flow 
is a sure sign of havin~ placed the catheter correctly. If 
urine flow is not inunediate, a slight negative pressure, using 
a syringe, may be necessary to clear mucus or blood from the 
tip of the catheter. When urine has been obtained down the 
catheter, inflate the balloon with 5 to 8 ml of water. Then 
gently pull outward on the.catheter until resistance is felt. This pulls the balloon against the bladder wall and helps seal 
the urethra. 
Remember to be ~entle when working inside of these pigs. 
The tissues are fragile and easily damaged, especially if 
stiff instruments or violent actions are used. As some stretch- 
ing usually takes place, it is not uncommon for some blood to 
be seen. If the amount is small, and it sto~s quickly, there 
is no cause for concern. To reduce the possibility of infec- 
tion, inject each pig with 2 to 3 ml of broad-spectrum anti- 
biotic (Combiotic). 
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Table 7. 
Analysis of Variance for Performance 
and Blood Parameters by Individual Pigs 
Experiment 80408 
Sum of Squares a 
Source of 
Variation df ADG ADFI F/G Urea 
Total 23 
Sex 1 0.13643 0.84912 0.02114 11.616 
Treatment 3 0.34089 0.86301 0.93135 779.329 
Contrasts 
1 vs 3 1 0.00472 0.00680 0.01092 1.639 
2 vs 4 1 0.31765 0.49536 0.39659 8.144 
1,3 vs. 2,4 1 0.01852 0.36085 0.52384 796.545 
Trt x Sex 3 0.09864 0.56200 0.04781 9.138 
Error 16 0.71958 3.45127 2.73986 243.540 
c.v. 17.580 13.274 14.0311 32.921 
aType III Sum of Squares, calculated by SAS. 
